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Asthma is a common chronic illness that affects approximately 9% of AfricanAmerican adults 2 and 15% of AfricanAmerican children. [3] [4] [5] [6] It is associated with an increased incidence of ACS and painful episodes among children with SCA (7) . The contribution of asthma to premature death has not been assessed in individuals with SCA. Given the established association between asthma and pain and ACS in this same cohort, [7] [8] [9] and the recognized risk of death in patients with even a single episode of ACS, 10 we used data collected prospectively over the 20-year term of the CSSCD to test the hypothesis that a concurrent diagnosis of asthma in patients with SCA is associated with increased mortality.
Design and Methods

Study design
The CSSCD study design has been previously reported. 1, 11, 12 Participants were assessed at least once for asthma on a supplemental history form and/or a pulmonary function intake form. Original consent and assent were obtained in accordance with the requirements of the human subjects committees at participating clinical centers. Additional Institutional Review Board approval was obtained from Washington University School of Medicine for analysis of the de-identified data held by the National Heart, Lung, and Blood Institute. The cohort for this study included African-American participants with hemoglobin SS enrolled in the CSSCD from birth to 61 years of age. Participants who died before the age of five (n=33) or were not followed beyond the age of five (n=45) were excluded from this study. This is because a diagnosis of asthma is unclear in young children, and death from bacterial infection in children under the age of 5 was frequent in the era of the CSSCD study. Of the 2,557 individuals enrolled, 76.8% (n=1,963) had adequate clinical data to classify asthma. Follow-up for mortality data was censored for loss to follow-up or bone-marrow transplant.
Classification
Asthma. Asthma was classified by a clinical diagnosis of asthma recorded during the medical history, an acute asthma event during the study period, or use of prescribed asthma medications on a clinic visit form. Based on available evidence, an assumption is made that asthma, a chronic condition, is a life-long illness.
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Death. An event reported on a form completed by the CSSCD site investigator at the time of the event. The etiology of death and confirmation of the cause of death was not uniform across the study period. Therefore, for this analysis, all-cause mortality was used.
Outcome measures and statistical methods
Data analysis was performed in SAS, version 9.1. Demographic parameters were compared between subjects classified for asthma using t-tests and Fisher's exact test. Time to death was summarized using Kaplan-Meier product-limit estimates and tested by Cox regression. Analysis of deaths included left-truncation of the at-risk interval from birth to date of entry. Mortality (median age at death) was compared for individuals with and without asthma. In addition to asthma classification, Cox regression analysis included the following co-variates and previously established risk factors for death: age, WBC count, renal failure, HbF level, seizure, and ACS.
1 Laboratory values were determined based on the average of all values during follow-up, excluding laboratory values during acute events and HbF percent before the age of 2. The proportional hazards assumption was tested and supported by inspecting martingale residuals and by testing for a timedependent effect of asthma.
Results and Discussion
Demographics
A total of 1,963 African American individuals with SCA who were classifiable for asthma enrolled in the study and were followed for a total of 18,495 patient-years. The demographic features of the cohort are listed in Table 1 . A total of 138 individuals (7.0%) had asthma; 70% (97/138) were classified by a physician's diagnosis, 10% by documentation of an acute asthma event, and 20% by the recorded of use of a prescribed asthma medication (betaagonist, inhaled corticosteroid, theophylline, inhaled nonsteroidal anti inflammatory medication). The 594 individuals who could not be classified for asthma were older (mean age: 16.4 yrs.) and had shorter follow-up (mean follow-up: 7.3 yrs.) when compared to those included in the cohort for analysis.
Asthma and sickle cell anemia-related mortality
Asthma was associated with a significant increase in the risk of all-cause mortality (Figure 1 ). The median life span for individuals with and without asthma who survived to the age of 5 was 52.5 and 64.3 years of age respectively. After controlling for age, WBC count, HbF level, renal failure, seizures, and ACS rate, individuals with SCA and asthma had over a two-fold higher mortality risk when compared to children with SCA without asthma (hazard ratio 2.36 by Cox regression, 95% CI 1.21 to 4.62, p=0.01, Table 2 ). In the CSSCD, the average life span for adults with SCA was determined to be in the fifth decade of life. Several co-morbid conditions including seizures, renal failure, and ACS were determined to be risk factors for mortality in this cohort.
1 However, these analyses did not include an assessment of asthma, a recently described common co-morbid condition that is associated with an increased risk of pain and ACS. 7 The present analysis of data from this cohort has determined that asthma is a sig- Figure 1 . Kaplan-Meier plot of age of death for subjects with sickle cell anemia and asthma (n=138) and those without asthma (n=25) conditional on survival beyond age 5 years. Relative survivorship given here is conservative because asthmatic subjects were enrolled at younger ages and mortality risk increases with age. nificant risk factor for premature death among individuals with SCA. Prior to the start of this study, we postulated that asthma was a biologically plausible risk factor for premature death in individuals with SCA primarily because asthma increases the prevalence of ACS episodes, a known risk factor for death in this population. 7 The mechanism of an association between asthma and death has not been clarified by this study, but several observations about asthma and SCA support such an association. Firstly, in asthma, lung segments are obstructed by mucus and edema before pulmonary blood flow can adjust.
14 The hypoxemia that results from ventilation-perfusion mismatch promotes local tissue hypoxia and sickling of red blood cells 15 possibly producing disease not only in the lung (ACS episodes), but more distally in other organs affected by SCA. Secondly, asthma is known to be associated with an increased incidence of ACS episodes which in turn may increase the risk of chronic lung disease. 16 Klings et al. recently described that pulmonary function abnormalities are common in this cohort affecting up to 90% of individuals;
17 however, no assessment of a physician's diagnosis of asthma was included. Thirdly, asthma 18 and SCA [19] [20] [21] [22] are both associated with a pro-inflammatory state. Therefore, individuals with SCA and asthma would also be expected to have additional complications related to asthma and/or SCA. This is supported by evidence from this cohort that suggests individuals with SCA and asthma also have higher rates of pain and ACS.
7 This study does have limitations. The cohort for this analysis did not include children under the age of 5. The diagnosis of asthma is more difficult in young children, and the impact of transient wheezing and remitted asthma on lung function and future SCA-morbidity has not been established.
23,24
This analysis also has only limited ability to check for all factors relating to death in individuals with SCA, such as pulmonary hypertension, a more recently identified risk factor which was not consistently reported in this cohort.
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In this analysis, we did check for known risk factors for death in this cohort as previously reported. We are unable to identify a direct cause and effect mechanism for the association between asthma and premature death. However, recognition of the association between SCA and asthma is significant since established, evidence-based acute and chronic treatment for asthma is available.
To summarize, based on the analysis of a large, well characterized cohort of individuals with SCA, we have demonstrated that asthma was associated with a significant increase in the risk of mortality. We provide evidence that even after adjustment for the presence of ACS and other known risk factors, asthma is an independent predictor of mortality in patients with SCA. Future prospective studies to classify lung disease associated with SCA and determine the effectiveness of asthma management in preventing SCA-related morbidity and mortality are warranted. 
